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Sunday, March 6, 2011 77adissociation constant of 1505 10 mM. Hence, high concentrations of Naþ ions
appear to stabilize DNAs with asymmetric internal loops, most likely because
of electrostatic screening of the closely spaced phosphate groups near the kink
site. Surprisingly, none of the oligomers bind Kþ ions over the concentration
range tested.
Supported in part by the Analytical and Surface Chemistry Program of the
National Science Foundation.
1 M. Cevec, C. Thibaudeau, J. Plavec (2008) Nucleic Acids. Res. 36, 2330-
2337.
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Unfolding and Targeting Thermodynamics of DNA Hairpins Containing
Internal Loops
Iztok Prislan, Hui-Ting Lee, Cynthia Lee, Luis A. Marky.
In this work, we use a set of DNA hairpins as a model to mimic a common motif
present in the secondary structures of mRNA, i.e., a stem-loop motif with an in-
ternal loop in the stem. Specifically, we used a combination ofUVand differential
scanning calorimetry (DSC)melting techniques todetermine thermodynamic pro-
files for the unfolding of a set of hairpins with sequence: d
(GCGCTnGTAACT5GTTACTnGCGC, where n = 1, 3 or 5,‘‘T5’’ is an end loop
of five thymines. UVmelting curves of each hairpin showmonophasic transitions
with TMs that are independent of strand concentration, confirming their intramo-
lecular formation.Analysis of theDSCprofiles indicates that the unfolding of each
hairpin results from the typical compensation of a unfavorable enthalpy (breaking
of base-pair stacks) and favorable entropy contributions (release of ions andwater
molecules). The increase in the size of the internal loop from 2 to 10 thymines
yielded: a) lower TMs and lower enthalpy contributions, corresponding to free en-
ergy contributions of ~0.7 kcal/mol of thymine; b) lower heat capacity effects that
correlated with the lower releases of structural water molecules; and c) higher re-
leases of ions. Furthermore,weused isothermal titrationcalorimetry to investigate
the thermodynamics for the reaction of each hairpin with their partially comple-
mentary strands. The overall results showed that all three targeting reactions
yielded favorable free energy contributions and were enthalpy driven. This ap-
proach works because of the favorable heat contributions resulting from the for-
mation of base-pair stacks involving the unpaired bases of the loops. Supported
by Grant MCB-0315746 from the National Science Foundation.
414-Pos Board B214
Characterization of DNA and RNA Ion Atmospheres Using
Multiple-Energy Asaxs
Suzette A. Pabit, Steve P. Meisburger, Li Li, Joshua M. Blose,
Christopher D. Jones, Lois Pollack.
The number and spatial distribution of small positively-charged ions around
highly negatively charged DNA or RNA contribute to the free energy of binding
in vitro and in vivo. However, the majority of charge compensating ions around
nucleic acids forms a diffuse counterion ‘‘cloud’’ that is not amenable to inves-
tigation by traditionalmethods that rely on rigid structural interactions.With 2 x-
ray energies, one near and the other 100 eV away from the ion absorption edge,
we have successfully used Anomalous Small-Angle X-ray Scattering (ASAXS)
to compare and differentiate the ion spatial distribution around comparably se-
quenced short DNA and RNA helices. Here, we present further information
gained when using multiple x-ray energies (up to 5) in an ASAXS experiment.
We describe proper treatment of multiple-energy SAXS data including absolute
SAXS intensity calibration and measurement of scattering factors from x-ray
fluorescence. We discuss the strengths and limitations of this approach and de-
rive useful parameters in depicting the nucleic acid ion atmosphere.
415-Pos Board B215
Improving Electrostatic Descriptions of Ions Around Double-Stranded
DNA
Zhipeng Wang, Yong Huang, Li Li, Dennis G. Thomas, Lois Pollack,
Alexey Onufriev, Nathan A. Baker.
Ions play an essential role in governing the structure and function of nucleic
acids, due to the large negative charge associatedwith the nucleic acid backbone.
The addition of even small numbers of multivalent, positively charged ions in-
duces intra-strand attraction in DNA and thus efficiently packages the extended
polymer into compact toroids. Anomalous small angle X-ray scattering
(ASAXS) has emerged as a powerful technique to report the spatial distribution
of ions associated to nucleic acids with unprecedented levels of detail and reso-
lution. To determine more detailed information about these highly mobile ions
relative to the underlying nucleic acid surface requires tight coordination with
theoretical or computational tools. Presently, very few robust theoretical or com-
putational tools exist for understanding ion-nucleic interactions. Current atomi-
cally-detailed computational approaches that represent the solvent environment
explicitly, as discrete water molecules and ions, are prohibitively expensive for
systematic studies of biologically relevant structures on time scales needed tofully understand these interactions. The alternative approach of ‘‘implicit sol-
vent’’ models, that represent solvent implicitly as a continuum, could potentially
overcome this difficulty. However, most ‘‘implicit solvent’’ models reduce com-
putational effort at the expense of simplifying assumptions that preclude their ap-
plication to highly charged systems in the presence of concentrated salt solutions
or multivalent ions.We have been examining the ability of traditional and ‘‘size-
modified’’ Poisson-Boltzmann models to predict the distribution of multivalent
ions at low concentration around B-form DNA. These predictions are tested
through direct comparison with ASAXS data on similar systems. The goal of
this work is to examine the role of size-exclusion in the well-known failure of
traditional Poisson-Boltzmann approaches for describing multivalent ions in
highly charged systems. This work lays the foundation for a systematic approach
to improve implicit solvent models for nucleic acid systems.
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The Influence of Osmolytes on Electrostatic Interactions Among DNA
Duplexes
Joshua M. Blose, Suzette A. Pabit, Steve P. Meisburger, Li Li, Christopher
D. Jones, Lois Pollack.
Osmolytes, which function as a vital component of the cellular stress response,
are small, chemically diverse, intracellular organic solutes. Protecting osmolytes
enhance protein stability via preferential exclusion, where denaturation of the
protein in the presence of the osmolyte is less favorable than in an aqueous en-
vironment. Thus, the correct ratios of protecting to non-protecting osmolytes and
protecting osmolytes to ions are critical tomaintain protein structure andprotein-
nucleic acid interactions. In contrast to the effects of osmolytes on protein stabil-
ity, structure, and function, there is much less understood concerning the effects
of osmolytes on nucleic acids. Although non-protecting osmolytes can destabi-
lize both protein and nucleic acid structures, protecting osmolytes have different
effects depending on the complexity of the nucleic acid structure. Furthermore,
the influence of osmolytes on the ion atmosphere surrounding nucleic acids is not
well understood. As a first step in quantifying the effects of osmolytes on nucleic
acid electrostatics we used small angle x-ray scattering (SAXS) techniques to
monitor 25-bp DNA duplexes and their interactions in the presence and absence
of sucrose, a protecting osmolyte and important contrast matching agent in
SAXS studies of protein-nucleic acid complexes. Results will be discussed.
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Determination of the Composition of the Ion Atmosphere of Condensed
DNA Utilizing Inductively-Couple Plasma Atomic Emission Spectroscopy
John Giannini, Xiangyun Qiu, Kurt Andresen.
The problem of reentrant DNA condensation has been studied for decades. Yet
despite the immense amount of theoretical and experimental work on this prob-
lem, a definitive, experimentally verified model of condensation remains elu-
sive. Using inductively-coupled plasma atomic emission spectroscopy, we
have measured the ion composition of condensed DNA under a variety of solu-
tion conditions. We have studied not only the ion atmosphere in the condensed
DNA, but also how the osmotic pressure and the presence of competing, non-
condensing ions affect the final condensed ion atmosphere. These data provide
a strong basis against which to measure the various theories of condensation.
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Comparing Double-Strand DNA and RNA Condensation
Li Li, Suzette Pabit, Steve Meisburger, Lois Pollack.
DNA condensation is of great interest due to its fundamental biological impor-
tance. With the discovery of the important roles of RNAi, recent attention has
been focused on efficient packaging of dsRNA for therapeutics. In this study,
we applied UV spectroscopic and small angle x-ray scattering to investigate the
mechanism of RNA condensation. Our results show that double-strand DNA
and RNA behave very differently under certain ionic conditions. The forces that
lead to side-by-side attraction and subsequent condensation of DNA molecules
may be highly correlated with the differing geometric property of RNA and
DNA.
419-Pos Board B219
Nucleic Acid Helical Conformation and Sequence Effects on Cationic
Binding
Latsavongsakda Sethaphong, Yaroslava Yingling.
Conformation dependent molecular recognition has often been more associated
with proteins which must be able to sense thousands of different molecules
within a cell. Despite lacking as extensive a repertoire, nucleic acids also de-
pend on nuances of structure with their environment to gain specificity for reg-
ulating genetic duplication, editing, expression, and suppression. In order to
explore this topic further, molecular dynamics simulations of nucleic acid du-
pelexes of DNA and RNA were performed to examine subtleties with their in-
herent cation binding behavior. We discovered that despite small differences
78a Sunday, March 6, 2011between chemical moieties of DNA and RNA, stark contrasts in counterion in-
teractions occured. In the presence of either 0.1M Naþ or 0.1M Kþ, ion dy-
namics were not significantly altered for a given duplex. However, greater
deviations were seen between duplexes of different helical forms. A final in-
quiry into the role of geometry leads us to conclude that helical geometry is re-
sponsible for a greater majority of cationic interactions and diffusive ion
binding than can be explained exclusively by electrostatics resulting from
chemical moieties alone.
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Driving Denaturation: Nanoscale Thermal Transport As a Probe of DNA
Melting
Michael Zwolak, Kirill Velizhanin, Chih-Chun Chien, Yonatan Dubi.
DNAdenaturation has long been a subject of intense study due to its relationship
to DNA transcription and its fundamental importance as a nonlinear, structural
transition. Many aspects of this phenomenon, however, remain poorly under-
stood. Existing models fit quite well with experimental results on the fraction
of unbound base pairs versus temperature. Yet, these samemodels give incorrect
results for other essential quantities, e.g., the predicted base pair fluctuation time-
scales - relevant to transcription - are orders of magnitude different from exper-
imental ones.Here, we demonstrate that nanoscale thermal transport can serve as
a sensitive probe of the underlying microscopic mechanisms responsible for dy-
namics of DNA denaturation. Specifically, we show that the heat transport prop-
erties of DNA are altered significantly and abruptly as it denaturates, and this
alteration encodes detailed information on the dynamics of thermal fluctuations
and their interaction along the chain. This finding allows for the unambiguous
discrimination between models of DNA denaturation. Measuring the thermal
conductance will thus shed new light on the nonlinear physics of this important
molecule. Furthermore, our observation of the surprisingly abrupt alteration of
DNA heat conductance upon denaturation may lead to novel thermal technolo-
gies on nanoscale. In particular, we propose DNA as the working body of a ther-
mal switch, whose properties can be switched between heat conducting and heat
insulating under temperature control.
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Electroperturbation of DNA in Jurkat Cells Under Nanosecond Pulsed
Electric Fields
Stefania Romeo, Olga Zeni, Maria Rosaria Scarfi, Maurizio Sarti,
Anna Sannino, P Thomas Vernier, Luigi Zeni.
Intense (5-30 MV/m) ultra-short (10-300 ns) pulsed electric fields (US-PEFs)
have been demonstrated to interact with sub-cellular membranes and structures
[Schoenbach et al., IEEE Trans. Diel. El. Ins., 14 (5): 1088-1109, 2007]. Inves-
tigating how cells respond to nanosecond pulses is essential for a) development
of biomedical applications ofUS-PEFs, including cancer treatment, and b) better
understanding of the mechanisms underlying such bioelectrical effects. T-lym-
phoblast Jurkat cellswere exposed to a single pulse of 60ns duration and2.5MV/
m amplitude, without affecting cell growth and viability, to give insight into ef-
fects underlying interaction mechanisms. A cuvette-based exposure system, fed
by a classical Blumlein pulse-forming network, was employed. A statistically
significant reduction in DNA migration was detected immediately after US-
PEF exposure by means of the alkaline comet assay [Zeni et al., Sensors, 8:
485-496, 2008]. This effect, associated with plasma membrane poration (YO-
PRO-1 uptake) has been
demonstrated to recover
within 2 hours after pulse
delivery (Figure 1), indicat-
ing that our exposure proto-
col targets the nucleus,
affecting DNA structure. In
our experimental condi-
tions, a transient conforma-
tional change in DNA
molecule can thus be hy-
pothesized.
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Structure and Dynamics of the Bacterial Chromosome in E. coli
Nastaran Hadizadeh, Calin Guet, Reid C. Johnson, John F. Marko.
The bacterial cell’s ability to control the topology of a long DNA in the con-
fined environment of the cell is quite remarkable. Despite a great number of
studies on bacteria, and especially E coli, our understanding of the spatio-tem-
poral organization of bacterial chromosomes is minimal, partly because theirdynamics have been difficult to observe directly. To visualize bacterial chromo-
some conformation within living cells, we have developed a bacterial strain
containing fluorescent gfp-fusion versions of a chromosome folding protein,
Fis, under inducible control. Bacterial chromosomes have been studied in cells
and removed from cells, in order to establish their spatial organization and me-
chanical properties, and to study how those properties are changed by varied
external conditions. Space-time studies of the nucleoid in live E coli cells
shows a relation between chromosome segregation and cell division under dif-
ferent growth conditions, and it also shows how domain structure and overall
conformation of chromosomes vary during rapid and slow growth. In order
to study the bacterial chromosome outside of the cell, we have developed
methods for isolation of single bacterial chromosomes and directly examining
nucleoid mechanical properties as a function of protein levels using microma-
nipulation methods.
423-Pos Board B223
Molecular Dynamics Simulation Studies on the Hybridization Events
of Surface Immobilized DNA
Abhishek Singh, Yaroslava G. Yingling.
Surfaces functionalized with ssDNAs can be used to uniquely and reversibly
bind complimentary DNAs. Such DNA modified materials are used in nano-
scale supramolecular assembly, as optical, electrochemical and piezoelectric
biosensors. Recognition and recombination pathways of DNA functionalized
system are regulated by ssDNA hybridization. We conducted molecular dy-
namics simulation studies of DNA strands thiolated on the surface and in the
presence of duplex and compared their dynamics to the dynamics of the
DNA strands in solution. We investigated the optimal ssDNA length, effect
of linker type and length to understand the effect of immobilization on sub-
sequent DNA hybridization. Our results indicate that sensitivity and selectiv-
ity are directly dependent on the length and sequence of ssDNA strands. The
persistence length, folding pathway and time are directly dependent on the
hybridization and length of ssDNA. Minimum energy pathways were ex-
plored to understand the kinetics of ssDNA folding during the event of hy-
bridization. Simulations suggest that restrained ssDNAs, compared to labile
suspensions of free ssDNAs, are more capable of hybridization and hence
DNA-based assembly. Our study helps understanding the science associated
with the ssDNA hybridization and provides feedback to the associated exper-
iments.
424-Pos Board B224
Infectious Disease-Based (tuberculosis, Malaria, and Aids)
Alternative, Plasmid and Helical Transitional Nucleic Acid
Microarrays: Next Generation of DNA Microarrays
Claude E. Gagna, Robert Dannibale, Kayvan D. Beheshti, Akaz John,
Goretti Chiang, Shanacy Marler, Priya Nanda, Sarah Syed, Sahil Kohli,
Shehryar Malik, Sabreen Rahman, Aney Patel, Job Joy, W. Clark Lambert.
Millions die every year from infectious diseases such as tuberculosis, malaria
and AIDS. More research needs to be performed to find new target sites (exotic
DNA) for treatments of these pathologies. The majority of DNA is right-handed
double-stranded (ds-) B-DNA. However, other forms of nucleic acids exist,
viz., ds-Z-DNA, triple-stranded DNA and four-stranded DNA. Our group
has developed novel ds-DNA microarrays that contain tuberculosis genes
(Mycobacterium tuberculosis) and malaria genes [i.e., Plasmodium falciparum
(var, rif and stevor genes)]. Employing the novel microarrays allows for the en-
tire genes or segments to be immobilized as intact, unaltered, nondenatured
DNA molecules. These microarrays allow for the discovery of drugs that
bind to the immobilized intact genes under different environmental conditions
(with or without proteins, supercoiling, ionic conditions, drugs). They also al-
low characterization of DNA structure and function. Using the new microarrays
and bioinformatics, genes can be characterized for the presence of B-DNA and
Z-DNA (transcription studies). Genes that contain DNA with the potential for
B-DNA to Z-DNA transitions can be studied under specific environmental con-
ditions. These infectious disease-based microarrays will include ds-Z-DNA, ds-
B-DNA, B-DNA/Z-DNA junctions, mitochondrial DNA, and helical transi-
tional arrays (B-DNA to Z-DNA). These new microarrays will allow for un-
precedented drug discovery and gene expression studies. They will go
beyond the limitations of commercially available, conventional ss-DNAmicro-
arrays (hybridization), which only focus on DNA primary structure (base pairs)
and ignore DNA secondary structure. With these new microarrays, researchers
will have access to all of the previously unexplored DNA structures that regu-
late gene expression.
